Individuals with hypertension should lower and maintain their blood pressure levels through lifestyle modification and/or pharmacotherapy. To determine whether perception of blood pressure control is related to behaviours and intentions for improving blood pressure, data from 6142 Canadians age 20 þ years with self-reported hypertension were analysed. Relationships between perception of control, current behaviours for blood pressure control and intentions to improve these behaviours were examined. Although individuals who reported uncontrolled blood pressure were equally likely to report engaging in lifestyle behaviours for blood pressure control, they were more likely to indicate an intention to improve their health, compared with those who reported well-controlled/low blood pressure. These individuals were also less likely to report having enough information to control their blood pressure. In addition, they were less likely to report having been advised to take antihypertensive medication, and to be taking and adhering to medications. Individuals who perceive their blood pressure as uncontrolled have intentions to make health-enhancing changes but may lack the information to do so. The study highlights the potential need for programmes/services to help those with uncontrolled blood pressure make lifestyle changes and/or take appropriate medication.
Introduction
In 2007-2009, 19% of the Canadian household population age 20-79 years had hypertension. 1 Because those with hypertension are at increased risk for cardiovascular disease and stroke, 2 it is important that blood pressure be lowered and maintained below 140/90 mm Hg, and for those with diabetes or chronic kidney disease, below 130/80 mm Hg. 3 Recent estimates from the Canadian Health Measures Survey show that in [2007] [2008] [2009] , B34% of Canadians with hypertension had not controlled their blood pressure below 140/90 mm Hg (an amalgam of those who were unaware, untreated, or treated but uncontrolled).
Among those who were aware of having the condition, 21% remained uncontrolled. 1 High blood pressure can generally be effectively controlled through pharmacotherapy and lifestyle changes. 3 Lifestyle changes include eating a healthy diet (high in fresh fruit and vegetables and low in sodium, saturated fat and cholesterol), limiting alcohol consumption, participating in regular physical activities, maintaining a healthy body weight and reducing stress. 3 Individuals who perceive their blood pressure as uncontrolled may have more motivation to engage in such behaviours to improve blood pressure. Understanding how knowledge of one's blood pressure influences blood pressure control may lead to effect counselling strategies or targeted interventions to promote better blood pressure control.
This study examined how perceptions of blood pressure control are associated with behaviours and intentions for behaviour change among individuals with hypertension. The study also describes characteristics associated with perceiving one's blood pressure as uncontrolled.
Methods

Data source
The 2009 Survey on Living with Chronic Diseases in Canada (SLCDC) is a cross-sectional survey sponsored by the Public Health Agency of Canada that collected information related to the experiences of Canadians with hypertension. The sample for this survey was drawn from respondents of the 2008 Canadian Community Health Survey (CCHS) who reported having been diagnosed with high blood pressure by a health professional. A computerassisted telephone interview was conducted between February and April 2009. 4 Of the 7862 respondents contacted, 6142 individuals agreed to participate and confirmed having been diagnosed with high blood pressure at follow-up, representing a response rate of 78.2%. 4 Respondents who reported having hypertension only during pregnancy, members of the Canadian Forces, individuals living on reserves or in institutions, and residents of the territories were excluded from the sampling frame. Data from the SLCDC were linked to data from the 2008 CCHS collected between January and December 2008. This data source provided sociodemographic and lifestyle information. The average time between administration of the CCHS and SLCDC was 8.5 months; the distribution of time between survey administrations was roughly evenly distributed from 3 to 13 months, and ranged from 2.4 months to 15.4 months (data not shown).
Key measures
Perception of blood pressure control. Individuals were asked 'In general, do you consider your blood pressure to beywell-controlled (normal, fine, ok)? Borderline? High? Low?'. For regression analyses, a dichotomous variable of blood pressure control was created. Individuals who reported low or well-controlled blood pressure were defined as controlled; individuals who reported borderline or high blood pressure were defined as uncontrolled. Individuals who 'did not know' (n ¼ 51) or refused/ did not state an answer (n ¼ 3) were excluded, leaving 6088 individuals for analysis.
Intentions for improving health and behaviours for blood pressure. As part of the CCHS survey which was linked to the SLCDC, respondents were asked whether they have made a significant change to their lifestyle in order to improve their health, whether there was anything they felt they could do to improve their health, and whether they intended to do anything in the next year to improve their health.
As part of the SLCDC survey, individuals were asked about advice received from their doctor, lifestyle behaviours for blood pressure control and barriers to these behaviours. Individuals were asked if, as a result of being diagnosed with high blood pressure, they limited their daily salt intake, changed the types of food they eat, exercised or participated in physical activities, tried to control or lose weight, quit or reduced smoking and/or limited alcohol consumption. Individuals who indicated not smoking at any time since being diagnosed with high blood pressure were excluded from answering questions about smoking cessation. Men and women who indicated drinking less than 14 and 9 units of alcohol per week, respectively, since being diagnosed with high blood pressure, were excluded from answering questions about limiting alcohol consumption.
For each lifestyle behaviour, those who reported ever engaging in a behaviour for blood pressure control were asked if they were continuing to engage in the behaviour 'all of the time', 'most of the time', 'some of the time' or 'none of the time'. Those who indicated having never engaged in behaviour or no longer engaging in the behaviour were asked the reasons for not doing so. A substantial number of respondents reported not engaging in behaviours for blood pressure control because they were already doing so for other reasons (n ¼ 961, 1303, 1115, 326, 156 and 52 for reducing salt, changing diet, exercising, controlling/losing weight, reducing/quitting smoking and limiting alcohol consumption, respectively). For each lifestyle behaviour, an individual was considered engaging in the behaviour if they reported doing so 'all of the time', 'most of the time', 'some of the time' or 'for other reasons.' Barriers reported for each behaviour, excluding doing so for other reasons, were combined to create an overall summative score of total number of barriers.
Descriptors
Perception of uncontrolled blood pressure was described according to sociodemographic characteristics, blood pressure management characteristics and lifestyle characteristics.
Sociodemographic characteristics. Perceived blood pressure control was examined in terms of sex, age (o60, X60), ethnicity (white, aboriginal off-reserve, other), education (less than secondary, secondary school graduate, some post-secondary education, post-secondary graduate), marital status (married/ common law, widowed/separated/divorced, single), total household income (quintiles) and rurality based on census tract (urban, urban fringe, mix of urban/ rural, rural). With the exception of age, sex and rurality, all other sociodemographic characteristics were assessed as part of the CCHS.
Management characteristics. Perceived blood pressure control was also examined in terms of time since diagnosis (p2 years, 3-5 years, 6-10 years, 10 þ years), as well as a three level measure of antihypertensive medication use (takes medication and is compliant, takes medication and is not compliant, does not take medication). Compliance was derived from self-reported responses to questions asking whether medication is taken as often and in the same dosage as prescribed. Time since diagnosis, medication use and compliance was assessed as part of the SLCDC.
Lifestyle risk factors for cardiovascular disease. Individual lifestyle risk factors considered in the analysis were body mass index (BMI; o25 kg m À2 , X25 kg m À2 ), physical activity (active, moderately active, inactive), smoking status (current, nonsmoker), fruit and vegetable consumption (o5 servings, 5 þ servings per day), and stress (low, medium, high). BMI was derived based on selfreported height and weight. The physical activity index measure was based on total daily energy expenditure values calculated from self-reported responses to questions about the frequency and duration of a variety of transportation and leisuretime physical activities. 4 BMI, physical activity, smoking, and fruit and vegetable consumption were assessed as part of the CCHS. Stress was assessed as part of the SLCDC based on the question 'Thinking about the amount of stress in your life, would you say that most days areynot at all stressful?ynot very stressful?ya bit stressful?yquite a bit stressful?yextremely stressful?'. Individuals who reported that most days were 'quite a bit' or 'extremely stressful' were classified as high stress, individuals who reported 'a bit stressful' were classified as medium stress, and individuals who reported 'not at all' and 'not very stressful' were classified as low stress.
Analysis
Data were analysed using SAS Enterprise Guide version 4 (Cary, NC, USA). Associations between potential correlates and uncontrolled blood pressure were evaluated by estimating prevalence rate ratios (PRRs) using binomial regression models. Subsequently, variables significant in bivariate models were entered into a multivariate binomial regression model and selected for retention using backward elimination. Relationships between perceptions of uncontrolled blood pressure, advice received, intentions for change to improve health, behaviours and barriers were evaluated in bivariate and multivariate binomial regression models; the latter were adjusted for sex, age (o60, X60), education and income as covariates. Significance was specified as a P-value of o0.05 in all analyses. Percentages and PRRs were weighted to reflect the Canadian population. To account for stratification and clustering in the SLCDC design, 95% confidence intervals (CIs) around percentages and PRRs, and significance of differences were calculated using exact standard errors generated through bootstrap re-sampling methods. 5 
Results
Uncontrolled blood pressure Perceived blood pressure control and the sociodemographic distribution of the study population are shown in Table 1 Table 2 ).
Antihypertensive medication use by blood pressure control status Individuals who perceived their blood pressure as uncontrolled were less likely to indicate having been advised by their doctor to take antihypertensive medication; similarly these individuals were less likely to be taking antihypertensive medication and among those taking pharmacotherapy, were less likely to be compliant in terms of medication frequency and dosage (Table 3) .
The proportion of individuals taking three or more antihypertensive medications did not differ by blood pressure control status ( Table 3 ). The number of medications (0, 1-2, X3) taken among those with and without controlled blood pressure did not differ based on time since diagnosis (X2 years, o2 years; data not shown).
Lifestyle behaviours by blood pressure control status In contrast, respondents who reported uncontrolled blood pressure were more likely to report receiving advice from their doctor for controlling weight, reducing stress, quitting smoking and reducing alcohol. They were not, however, more likely to report engaging in these behaviours than individuals with controlled blood pressure.
Intentions for behaviour change. In all, 60% of individuals with uncontrolled blood pressure reported intending to do something to improve their health within the next year, compared with 47.3% of individuals with perceived controlled blood pressure (Po0.0001). However, those with uncontrolled blood pressure were not more likely to have a plan to control their blood pressure (81.6 versus 85.8%, P ¼ 0.07). Individuals who perceived their blood pressure as uncontrolled were less likely to report having enough information to control their blood pressure (85.9 versus 94.8%, Po0.0001).
Discussion
Elevated blood pressure is a leading risk for death and disability. 6 Over the past 15 to 20 years, there has been a marked increase in awareness and control of blood pressure within the Canadian population. 1, 7 Even though effective lifestyle and pharmacological treatment can control hypertension, over one in five people who had been diagnosed with hypertension (or 1.1 million Canadians) reported having uncontrolled high blood pressure, a finding that is consistent with recent estimates based on direct physical measures of blood pressure. 1 Although many individuals who report uncontrolled blood pressure indicated that they plan to improve their lifestyles, they do not report currently following healthy lifestyles more often than those with controlled blood pressure. Of concern, those who reported uncontrolled blood pressure were more likely to indicate not having adequate hypertension information and were less likely to be prescribed or be adherent to antihypertensive medications. Programmes and services designed to assist individuals with uncontrolled blood pressure by providing them with resources regarding lifestyle changes and antihypertensive drug adherence may be warranted. 8 Our study found that health care professionals recommended lifestyle changes in the majority of people who have hypertension; nevertheless it is concerning that receiving this advice is not reported by all people with hypertension. Those with uncontrolled blood pressure were more likely to report receiving advice for lifestyle change, in particular weight control, stress management and smoking cessation; this group was also more likely to be overweight, current smokers and have high levels of stress. Lifestyle change is the cornerstone of hypertension management, and a greater emphasis on lifestyle change in those with uncontrolled hypertension is required. 9 In our study, those who indicated having uncontrolled hypertension were more often planning to improve lifestyle. Those who contemplate lifestyle change may be more amenable to brief health care professional interventions; 10 thus strategies, such as physician advice for behaviour change matched to stage of readiness, may be valuable in encouraging healthy lifestyles and moving these individuals into action. [11] [12] [13] In addition, a change in lifestyle may be more likely in an environment conducive to change. Current environments promote sedentary behaviour and unhealthy food choices.
14 In Canada, initiatives exist that target environmental influences on general health and wellness. For example, workplace initiatives such as 'Stairway to Health' 15 and the 'Commuter Challenge' 16 have been designed and aim to promote workplace physical activity. Health Canada has created a Multi-Stakeholder Working Group on Dietary Sodium Reduction to create a population-health strategy for the successful reduction of sodium in the Canadian diet, 17 which includes a guided voluntary reduction of sodium levels in purchased food products. Interventions that encourage healthy living, such as these, should be continually evaluated for their success in Uncontrolled blood pressure and behaviours ME Gee et al Uncontrolled blood pressure and behaviours ME Gee et al promoting better health, and are likely required for substantive impact. 18 In people with hypertension, antihypertensive medication use reduces rates of cardiovascular death and disability. 19 Health care professionals are recommended to consider prescribing antihypertensive medications to hypertensive Canadians, especially individuals with additional cardiovascular risks, and to take steps to assist their patients in adhering to treatment protocols. 3 Somewhat surprisingly, in our study, those who reported uncontrolled blood pressure were less likely to report being advised to take antihypertensive drugs. A recent study found that hypertensive Canadians with more cardiovascular risks were not more likely to be taking antihypertensive medications. 20 For those on antihypertensive medication, lack of control of blood pressure is associated with lack of adherence to treatment. 21 Although improving adherence is key, a recent trial found that increases in antihypertensive medication prescriptions lowered blood pressure in those who were not fully adherent. 22 Furthermore, a lack of adherence to medications is amenable to other health care professional interventions that target adherence and blood pressure control. 23 This study is limited in that it relies on selfreported information. It remains unclear to what extent self-reported blood pressure control reflects true rates of control, despite the fact that it shows face-validity with national estimates based on objective measures. 1 However, in terms of motivating behaviour, perception of control may be more influential than true control. A second limitation of this analysis is that questions on intentions for behaviour change were administered 2 to 14 months preceding the SLCDC as part of the CCHS. We presumed that these measures and uncontrolled blood pressure would remain stable between survey administrations, but this assumption may not be completely valid. As a result of these limitations, the findings of this study should be interpreted cautiously and suggest a need to further study the relationship between perceptions of control, intentions for behaviour change and future behaviours. Longitudinal analysis may help elucidate the relationships identified herein.
Despite considerable success in blood pressure control in Canada over the last 20 years, results from this survey and objective physical measures of blood pressure from the Canadian Health Measures Survey 1 show that approximately one in five Canadians who have been diagnosed with hypertension have uncontrolled high blood pressure. This highlights the need to further improve rates of control of hypertension in Canada in order to prevent or reduce cardiovascular outcomes, such as heart disease, stroke or dementia. Our data suggest that Canadians with hypertension who have other lifestyle risk factors (high BMI, current smoking, high stress) for cardiovascular disease are more likely to have uncontrolled blood pressure, demonstrating the need for an increased effort in promoting blood pressure treatment and control among high risk populations. Individuals who perceive their blood pressure as uncontrolled have intentions to make health-enhancing changes but may lack the information to do so. The study highlights the potential need for programmes/services to help those with uncontrolled blood pressure make lifestyle changes and/or take appropriate medication, to further improve rates of blood pressure control in Canada.
